This present study is the first attempt to report on the purification and characterization of a chitinase from the stomach of the red scorpionfish Scorpaena scrofa. A 50-kDa chitinase (SsChi50) was purified to homogeneity, and matrix assisted laser desorption ionization-time of flight/mass spectrometry (MALDI-TOF/MS) analysis showed that SsChi50 was a monomer with a molecular mass of 50,103 Da. The 25 N-terminal residues of SsChi50 displayed high homology with family-18 chitinases. Optimal activity was obtained at pH 5.0 at 80 C. SsChi50 was stable at pH and temperature ranges of 3.0 to 7.0 and 70 to 90 C for 48 and 4 h respectively. Among the inhibitors and metals tested, p-chloromercuribenzoic acid, N-ethylmaleimide, Hg 2þ , and Hg þ completely inhibited enzyme activity. Chitinase activity was high on colloidal chitin, glycol chitin, glycol chitosane, chitotriose, and chitooligosaccharide. Chitinase activity towards synthetic substrates in the order of p-NP-(GlcNAc) n (n ¼ 2{4Þ was p-NP-(GlcNAc) 2 > p-NP-(GlcNAc) 4 > p-NP-(GlcNAc) 3 . Our results suggest that the SsChi50 enzyme preferentially hydrolyzed the second glycosidic link from the non-reducing end of (GlcNAc) n . This enzyme obeyed Michaelis-Menten kinetics, the K m and k cat values being 0.412 mg, colloidal chitin mL À1 and 5.33 s À1 respectively. An in vivo bioinsecticidal assay was developed for SsChi50 against Callosobruchus maculatus adults. The enzyme showed bioinsecticidal activity toward Callosobruchus maculatus, indicating the possibility of using it in biotechnological strategies for insect management for stored cowpea seeds.
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Chitin is a structural carbohydrate occurring widely in natural organisms, including the cell walls of fungi, the exoskeletons of arthropods, and the shells of mollusks. It is a renewable bio-resource that represents the second most prevalent biomass after cellulose in nature. 1, 2) It is an insoluble polysaccharide with a linear backbone chain of -1,4-linked N-acetyl-D-glucosamine (GlcNAc) units. Most of the chitin in nature has either an -or a -crystalline structure, with a predominance of the -form. 3) Chitinases (EC 3.2.1.14) are enzymes that randomly hydrolyze -1,4-N-acetylglucosaminide linkages in the chitin polymer. They are widely distributed in living organisms and produce biologically active N-acetylchitooligosaccharides (GlcNAc) n and GlcNAc. Several chitinases have been isolated and characterized from various sources. [4] [5] [6] [7] [8] They are abundant in nature, occurring in plants, animals, viruses, bacteria, fungi, and insects, and they have various functions, including defense, nutrient digestion, morphogenesis, and pathogenesis. 9) Chitinases found in the stomachs of fish [10] [11] [12] [13] and livers of squids 14, 15) have, for instance, been found to degrade chitinous substances ingested as food, and chitinases present in insects and shellfish have been found to degrade chitinous substances in exoskeletons during ecdysis. [16] [17] [18] In plants, on the other hand, chitinases act as proteins for self-defense against fungal pathogens that contain chitinous substances. [19] [20] [21] y To whom correspondence should be addressed. Fax: +213-021-52-29-73; E-mail: hassibalar@yahoo.fr Abbreviations: MALDI-TOF/MS, matrix assisted laser desorption ionization-time of flight/mass spectrometry; GlcNAc, -1,4-linked N-acetyl-Dglucosamine; p-NP, p-nitrophenyl; BSA, bovine serum albumin; DNS, 5-dinitrosalycilic acid; MES, 2-(N-morpholino) ethanesulfonic acid; HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; SDS-PAGE, sodium dodecyl sulphate-polyacrylamide gel electrophoresis; p-CMB, p-chloromercuribenzoic acid; NEM, N-ethylmaleimide; DTT, dithiothreitol; 2-ME, 2-mercaptoethanol; TNBS, 2,4,6-trinitrobenzenesulfonic acid; PMSF, phenylmethylsulfonyl fluoride; EDC, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; DEP, diethylpyrocarbonate; NBS, N-bromosuccinimide; NAI, N-acetylimidazole; EGTA, ethylene glycol-bis (-aminoethyl ether)-N,N,N 0 ,N 0 -tetraacitic acid Furthermore, chitinases are essential for the enzymatic production of (GlcNAc) n and GlcNAc, whose physiological roles are gaining increasing attention in recent research. 22, 23) Accordingly, research on chitinases in various organisms should not only clarify these physiological roles, but should also be of use in the production of (GlcNAc) n and GlcNAc. In fact, chitinases are classified into two glycosyl hydrolase families, family 18 and 19, on the basis of the homology of their amino acid sequences 24) and their catalytic mechanisms. 25, 26) Members belonging to chitinase family 18 are widely distributed among microbes, animals, plants, and other organisms. 24) Family 19 chitinases, on the other hand, are present mainly in higher-order plants and are reported to have strong antibacterial properties. 27) Of particular relevance, several studies have reported recently on the promising physiological function of fish stomach chitinases with regard to the degradation of chitinous substances ingested as food. Nevertheless, few data are currently available on the purification and characterization of their enzymatic properties. 12, 13, [28] [29] [30] This is particularly due to the relatively low stability and poor catalytic activity of the fish stomach chitinases so far investigated under the specific conditions required for industrial application, elevated temperature and pH acidity/neutrality values. Moreover, and to our knowledge, no previous studies have been reported on the isolation of red soprionfish chitinase. Accordingly, the present work aimed to investigate for the first time the purification and biochemical characterization of a novel chitinase from Scorpaena scrofa isolated from the Mediterranean Sea. It aimed also to evaluate its bioinsecticidal activity in vivo during the adult development of Callosobruchus maculatus (the cowpea weevil) using a bioassay model.
Materials and Methods
Substrates, enzymes, and chemicals. Fresh stomachs (average stomach weight 3.11 g) from red scorpionfish Scorpaena scrofa, weighting about 350 g, were immediately collected by restaurants of coastal areas of Algiers and frozen at À20 C. Chitin, glycol chitin, glycol chitosan, p-nitrophenyl N-acetylchitooligosaccharides (p-NP-(GlcNAc) n , n ¼ 1{4), bovine serum albumin (BSA), 5-dinitrosalycilic acid (DNS), calcofluor white M2R, chitinase from Streptomyces griseus (SGChi), and chitinase from Trichoderma viride (TVChi) were purchased from Sigma Chemical (St. Louis, MO). Sephadex G-75 and Mono Q-Sepharose were from Pharmacia (Pharmacia, Uppsala, Sweden). A protein assay kit was from Bio-Rad Laboratories (Hercules, CA). All of the other chemicals and reagents used were of analytical grade or the best grade commercially available, unless otherwise stated.
Standard assay of SsChi50 activity. Chitinase activity was measured colorimetrically by detecting the amount of N-acetylglucosamine (GlcNAc) released from colloidal chitin substrate. 31) Unless otherwise stated, suitably diluted enzyme solution (0.5 mL) was mixed with 0.5 mL, 50 mM 2-(N-morpholino) ethanesulfonic acid (MES) buffer supplemented with 2 mM CoSO 4 at pH 5 (buffer A) containing 10 mg mL À1 , colloidal chitin, and this was incubated for 1 h at 37 C. The mixture was boiled for 10 min, chilled, and centrifuged to remove insoluble chitin. The resulting adducts of reducing sugars were measured by the DNS method. 32) Readings were compared with a standard curve prepared with a series of dilutions of GlcNAc (from 0 to 10 mg mL À1 ). One unit of chitinase activity was defined as the amount of enzyme required to produce 1 mmol of GlcNAc from colloidal chitin per min under the specified assay conditions. When using p-NP-(GlcNAc) n (n ¼ 1{4) as substrate, enzyme activity was measured by the method of Ohtakara. 33) Unless otherwise stated, 250 mL of a suitably diluted enzyme solution and 250 mL of 1 mg mL À1 p-NP-(GlcNAc) n were added to 250 mL of buffer A, and this was incubated at 37 C for 30 min. After incubation, 250 mL of 200 mM sodium carbonate was added, and the absorbance of the p-nitrophenol released was measured spectrophotometerically at 420 nm. One unit of chitinase activity was defined as the amount of enzyme releasing 1 mmol of p-nitrophenol per min at 37 C.
SsChi50 purification procedure. Purification was conducted at temperatures not exceeding 4 C. Stomachs from fresh red scorpionfish were cut open, the contents, were removed, and the inner walls, were washed with chilled distilled water. The stomachs were homogenized with 6 volumes of citric acid (150 mM) and disodium phosphate (300 mM) buffer solution at pH 5.0, as previously described [10] [11] [12] and centrifuged at 6;000 Â g for 30 min. The supernatant recovered constituted the crude enzyme extract.
The clear supernatant was precipitated with ammonium sulfate at a concentration between 10 and 85%. The precipitate was recovered by centrifugation at 12;000 Â g for 30 min, resuspended in a minimal volume of 25 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer (pH 7.2) containing 25 mM NaCl (buffer B), and dialyzed overnight against repeated changes of buffer B. Insoluble material was removed by centrifugation at 12;000 Â g for 30 min. The supernatant was loaded on a 3 Â 100 cm Sephadex G-75 column equilibrated with buffer B. Elution of chitinase was performed with the same buffer at a rate of 60 mL h À1 . Protein contents (A 280 nm ) and chitinase activities were measured. The fractions containing chitinase activity (eluted between 1.6 and 2.1 void volumes) were pooled and then applied to a Mono Q-Sepharose column equilibrated with buffer B. The column was rinsed with 500 mL of the same buffer. The adsorbed material was eluted with a linear NaCl gradient (0 to 500 mM in buffer B) at a rate of 45 mL h À1 . The column (2:6 Â 40 cm) was extensively washed with buffer B until the optical density of the effluent 280 nm was zero. Fractions of 5 mL each were collected at a flow rate of 30 mL h À1 and analyzed for chitinase activity and protein concentration. 34) Chitinase activity was eluted between 150 and 250 mM NaCl. Pooled fractions containing chitinase activity were concentrated in centrifugal micro-concentrators (Amicon, Beverly, MA) with 30-kDa cut-off membranes, and were stored at À20 C in a 20% glycerol (v/v) solution for further analysis.
Protein quantification, electrophoresis, and mass spectrometry. The protein concentration was determined by the method of Bradford 34) using a Dc protein assay kit purchased from Bio-Rad Laboratories, with bovine serum albumin (BSA) as standard. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed using 10% (w/v) acrylamide in gels, as described by Laemmli. Discontinuous substrate SDS-PAGE (Zymogram analysis) was performed with a 4% stacking gel, except that 1 mg mL À1 of heatdenatured chitin azure was incorporated into the 10% separation gel. Electrophoresis was performed at a constant current of 25 mA. After electrophoresis, the gel was immersed with 100 mL of refolding buffer (buffer A, 1% Triton X-100) overnight at 37 C to replace the SDS and separation buffer in the gel. The gel was washed with distilled water and then stained with 0.01% (w/v) calcofluor white M2R in 50 mM Tris-HCl (pH 8.0). After 5 min, the brightener solution was removed and the gel was washed with distilled water. Lytic zones were visualized by placing the gels on a UV-transilluminator.
36) The molecular mass of the purified chitinase was analyzed in linear mode by matrix assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry (MS) using a Voyager DE-RP instrument (Applied Biosystems/PerSeptive Biosystems, Framingham, MA). Data were collected with a Tektronix TDS 520 numeric oscillograph and analyzed using GRAMS/386 software (Galactic Industries Corporation, Salem, NH).
Amino acid sequencing. To determine the N-terminal sequence of the purified chitinase ScChi50, a protein band from the SDS gel was transferred to a ProBlott membrane (Applied Biosystems, Foster City, CA). Automated Edman's protein degradation was performed with a protein sequencer (Applied Biosystems Protein sequencer ABI Procise 492/610A). The sequence was compared to those in the Swiss-Prot/ TrEMBL database by BLAST homology search (www.ncbi.nlm.nih. gov/blast).
Effects of chemical reagent and heavy metal ions on the activity of SsChi50. Chemical reagents, p-chloromercuribenzoic acid (p-CMB), N-ethylmaleimide (NEM), dithiothreitol (DTT), 2-mercaptoethanol (2-ME), 2,4,6-trinitrobenzenesulfonic acid (TNBS), phenylmethylsulfonyl fluoride (PMSF), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), diethylpyrocarbonate (DEP), N-bromosuccinimide (NBS), and N-acetylimidazole (NAI), were investigated at various concentrations for their effects on enzyme activity. C for 30 min. Activity was expressed as a percentage of the activity level in the absence of reagent or metallic ions. Chitinase activities measured, using colloidal chitin as substrate, in the absence of any reagent or metallic ions supplemented with 1 mM ethylene glycol-bis (-aminoethyl ether)-N,N,N 0 ,N 0 -tetraacitic acid (EGTA), were taken as control (100%).
Effects of pH on the activity and stability of SsChi50. The effects of pH were determined using colloidal chitin as substrate. Chitinase activity was assayed over a pH range of 2.0-11.0 at 70 C. With regard to measurement of pH stability, the enzyme was pre-incubated in buffers of different pH values in a range of 2.0-9.0 for 48 h at 60 C. Aliquots were withdrawn, and residual enzymatic activities were under standard assay conditions. The following buffer systems, supplemented with 2 mM CoSO 4 , were used at 50 mM: glycine-HCl for pH 2.0-3.0, citrate for pH 3.0-5.0, MES for pH 5.0-6.0, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) for pH 6.0-8.0, Tris-HCl for pH 8.0-9.0, glycine-NaOH for pH 9.0-10.0, and bicarbonate-NaOH for pH 10.0-11.0.
Optimum temperature and thermal stability of SsChi50. The effects of temperature on SsChi50 activity were studied over temperatures ranging from 40 to 100 C using colloidal chitin as substrate for 1 h in 50 mM MES buffer (pH 5.0). The thermostability of the purified chitinase was determined by incubating the enzyme for 24 h at various temperatures in the absence and the presence of 2 mM CoSO 4 . Aliquots were withdrawn at set time intervals to test the remaining activity under standard conditions. The non-heated enzyme was used as control (100%).
Substrate specificity of SsChi50. The substrate specificity of purified chitinase ScChi50 was determined using natural and synthetic substrates at various concentrations under standard assay conditions. The natural substrates were used at concentrations, and the reaction was carried out at 50 C for up to 48 h. The amount of reducing sugar was quantified colorimetrically, as described above for the standard assay.
Kinetic measurements. Kinetic parameters were calculated from the initial rate activities of the purified enzymes (SsChi50, SGChi, and TVChi) using natural (colloidal chitin) and synthetic [p-NP-(GlcNAc) 2 ] substrates at concentrations ranging from 0.10 to 30 mg mL À1 at 60 C for 5 min in assay buffer A supplemented with 5% (v/v) dimethyl sulphoxide and 0.1% (v/v) Triton X-100 at pH 5.0. Assays were carried out in triplicate and kinetic parameters were estimated by Lineweaver-Burk plots. Kinetic constants, Michaelis-Menten constant (K m ) and maximal reaction velocity (V max ) values, were calculated using the Hyper32 software package developed at Liverpool University (http://hompage.ntlword.com/john.easterby/hyper32.html). The value of the turnover number (k cat ) was calculated by the following equation:
where [E] refers to the active enzyme concentration and V max to the maximal velocity.
Insect bioassay. The colonies of Callosobruchus maculatus used in this work were originally supplied by Dr. Oussila Khalfi (Laboratory of Animal Biology, Department of Zoology, National High School of Agronomic Sciences, El Harrach, Algiers, Algeria). The insects were housed at 28 AE 2 C and a relative humidity of 70% AE 5%. They were fed seeds of a susceptible cowpea cultivar (Epace-10). Several generations were obtained by mass rearing techniques in glass jars filled with grains of chickpea (500 g/jar), to which adults of Callosobruchus maculates of indeterminate age and gender were added. The jars were closed by a net to guarantee aeration for the insects, as previously described by Macedo et al. 37) After 2 weeks of infestation, the adult insects were removed by sieving the grains. Infested grains were left to incubate in the dark in an oven set at a temperature of 28 AE 2 C, a relative humidity of 70% AE 5%, and a photoperiod of L/D 12:12.
The toxicity effect was evaluated by bringing adults of Callosobruchus maculatus and SsChi50 at concentration (10, 15, 20, 25 , and 30 mg) together in contact under a penetration mode. Mortalities caused by the treatment were then determined. The inner surfaces of Petri dishes (including the cover) were soaked with 1 mL of diluted enzyme and 1 mL of assay buffer solution (control). After drying of the Petri dishes, 10 pairs of adult weevil aged 0-24 h were placed in boxes. The boxes were then sealed using adhesive tape and placed in the oven. Dead insects were counted in the treated and untreated (control) boxes at 1, 24, 48, and 72 h of treatment. The experiments were carried out in five replicates, and the mean (standard error of the mean) was calculated.
Results and Discussion
SsChi50 purification SsChi50 was purified to homogeneity from the stomach of red scorpionfish Scorpaena scrofa following the procedures described in ''Materials and Methods'' above. Figure 1A presents the protein elution profile obtained at the final purification step. It indicated that the chitinase was eluted at 150-250 mM NaCl. The results of the purification procedure are summarized in Table 1 . The purity of the enzyme was estimated to be about 162.75-fold greater than that of the crude extract. The purified enzyme preparation contained about 33% of the total activity of the crude, and showed a specific activity of 6.51 U mg À1 when colloidal chitin was used as substrate.
Molecular weights determination and zymography analysis of SsChi50
The purified enzyme exhibited a unique protein band on native PAGE and single symmetrical elution peaks corresponding to a protein of nearly 50 kDa according to gel filtration chromatography (data not shown). The homogeneity of the purified chitinase was also checked by SDS-PAGE under reducing conditions and by protein staining analysis. A unique protein band was obtained for the purified enzyme. The purified SsChi50 enzyme had a molecular weight of approximately 50 kDa (Fig. 1B) and clear chitinase activity (Fig. 1C ) similar to those of the fish stomachs, which had MWs of 38-62 kDa (Table 2) . A similar result was obtained when SsChi50 was denatured by SDS in the absence of DTT or 2-ME (data not shown). MALDI-TOF/MS yielded a molecular mass of 50,103 kDa (Fig. 1D) . These observations strongly suggest that SsChi50 from the red scorpionfish Scorpaena scrofa, like chitinases HoChi A, B, and C, is a monomeric protein comparable to other chitinases. 12, 15, 38, 39) 
N-Terminal amino acid sequences of SsChi50
The first 25 N-terminal amino acid residues of the SsChi50 chitinase from Scorpaena scrofa were determined to be YILTCYFTNWGQYRPGLTIYFPTNI. This sequence showed uniformity, indicating that it was isolated in pure form. It shared greatest homology with other sequences of family 18 chitinases, PmChi (87% identity), HoChiB (82% identity), and TpChi (78% identity) ( Table 2 ). These findings strongly suggest that SsChi50 is closely related to family 18 ghycosyl hydrolysase.
Chemical modification and effect of metallic ions on the activity of SsChi50
When SsChi50 was incubated with various groupspecific reagents for amino acid modification, its activity was found to be inhibited in the presence of p-CMB and NEM. Partial activity loss was observed when it was incubated with DTT and 2-ME (Table 3) . This indicates the presence of sulfyhdryl groups on active site of the enzyme, as confirmed by total inhibition observed in the presence of Hg 2þ . An S-S bridge has been reported in the chitin binding domain of Alteromonas sp. strain O-7. 40 . The activity of chitinase in the presence of metallic ions is a highly valued property with regard to potential industrial applications. The chitinase purified from Sterptomyces sp. M-20 was strongly inhibited with low concentrations of metallic ions. 41) The addition of CoSO 4 at 5 mM was found to enhance the activity of the enzyme, which increased by 325% as compared to that attained without Co 2þ . This result indicates that the enzyme requires Co 2þ for optimal activity. The particular sensitivity of the Scorpaena Fig. 1 . Chromatography of the Chitinase from Scorpaena scrofa on Mono Q-Sepharose. The column (2:6 Â 40 cm) was equilibrated with buffer B. Adsorbed material was eluted with a linear NaCl gradient (0 to 500 mM in buffer B) at a flow rate of 30 mL h À1 , and was assayed for protein content at 280 nm ( ) and chitinase activity ( ), as described in ''Materials and Methods'' (A). SDS-PAGE (10%) of the purified chitinase. Lane 1, protein markers. Lane 2, purified SsChi50 (25 mg) (B) and zymography with chitin azure (C). MALDI-TOF spectrum of 10 pmol purified chitinase from Scorpaena scrofa. The mass spectrum shows a series of multiply protonated molecular ions. The molecular mass of the enzyme was found to be 50,103 Da (D). 
34)
Ã One unit (U) of chitinase activity was defined as the amount of enzyme releasing 1 mmol of Ã Glc-NAc per min at 37 C with colloidal chitin as substrate.
scrofa chitinase to cobalt might be related to the importance of the carboxylic groups, mainly aspartic and glutamic acid residues, in chitinases, where these amino acids have been found to bind divalent cations e.g., Co 2þ or Mg 2þ , with the active sites and to confer better accessibility on the substrate, causing activation of the enzyme. 42) Effects of pH on the activity and stability of SsChi50 As shown in Fig. 2A , SsChi50 displayed activity over a broad range of pH, with an optimum pH at 5.0. The optimum pH values reported for HoChi C and HoChi A 12) are about 2.0 and 8.0 respectively. The pH stability profile indicated that SsChi50 was highly stable over a broad range of pH, maintaining 100% of its original activity at pH values between 4.0 and 7.0 after incubation for 48 h at 60 C (Fig. 2B) . The high activity and stability exhibited by SsChi50 in an acidic environment (pH 2.0-5.0) makes it suitable for the digestion of chitinous substances ingested as food as well as for biotechnological applications involving the bioconversion of chitin waste. 43, 44) Chitinase activity was evaluated in a pH range of 2.0-11.0 using buffers of pH values with colloidal chitin as substrate. The pH stability of the enzyme was determined by incubating the chitinase in buffers ranging from 2.0-9.0 for 48 h at 60 C, and residual activity was measured colorimetrically using standard procedures. The activity of the enzyme before incubation was used as control (100%). Each point represents the mean (n ¼ 3) AE standard deviation.
Effects of temperature on the activity and stability of SsChi50
The optimum temperature recorded for the activity of the purified chitinase at pH 5.0 was 70 C in the absence of CoSO 4 and 80 C in the presence of 2 mM Co 2þ , using colloidal chitin as substrate (Fig. 3A) . The optimal temperature for the SsChi50 chitinase from Scorpaena scrofa was higher than those previously reported for HoChi A, B, and C chitinases.
12)
The half-lives of the purified SsChi50 chitinase from Scorpaena scrofa in the absence of any of the additives used were 14, 10, 6, and 2 h at 70, 80, 90, and 100 C respectively. The addition of concentrations of CoSO 4 (0.1 to 10 mM) enhanced the thermostability of the enzyme. Maximal thermostability was achieved with 2 mM Co 2þ (data not shown). As shown in Fig. 3B , the half-life of the purified chitinase at 70, 80, 90, and 100 C increased to 18, 12, 8 , and 4 h in the presence 2 mM CoSO 4 . Most chitinases have been reported to be significantly stabilized by the addition of Co 2þ at higher temperatures. 28, 42) The improvement of enzyme thermostability against thermal inactivation in the presence of CoSO 4 can be attributed to strengthening of the interactions inside the protein molecules and to the binding of Co 2þ to the active site. Further studies are necessary in order to understand this upgrading process.
Overall, the thermocativity (a temperature optimum of 80 C) thermostability (a half-life of 8 h at 90 C) measured for the SsChi50 chitinase from Scorpaena scrofa were higher than those previously reported for other chitinases. 12, 15, 38, 39) Accordingly, the high temperature optimum and the thermal stability of the chitinase from Scorpaena scrofa provide further confirmation of its potential industrial application in the recycling of chitin wastes. 43) Substrate specificity of SsChi50 The ability to hydrolyze several carbohydrates substrates is an important criterion for the effectiveness of chitinases. Accordingly, kinetic experiments were performed via reducing sugar assays using natural substrates. The results are summarized in Table 4 . The findings indicate that optimum activity was obtained at 12 h, presumably due to the low solubility and viscosity of the biopolymers. The most preferred natural substrate was colloidal chitin, followed by glycol chitin, glycol chitosane, chitotriose, and chitooligosaccharide. No activity was observed toward chitobiose or any other substrate that consisted of a glucosidic linkage. This indicates the absence of chitobiase and glycosidases other than chitinases.
Kinetics experiments with synthetic substrates carrying the p-nitrophenol group were performed by standard activity assay. The findings clearly showed that SsChi50 cleaved specific -glycosidic bonds (Table 4) . Although SsChi50 chitinase released p-NP from p-NP-(Glc-NAc) n (n ¼ 2{4), it did not exhibit any activity toward p-NP-(Glc-NAc). This suggests that the enzyme, like other fish chitinases, has a preference for glycosidic bonds, which are second from the non-reducing end. 12, 44) Accordingly, SsChi50 did not show exo-type chitinolytic activity. Although the p-NP-releasing activity of SsChi50 showed high activity (12.39 U mg À1 ) toward p-NP-(Glc-NAc) 2 , its activity toward p-NP-(Glc-NAc) n (n ¼ 3, 4) was found to decrease markedly.
Determination of the kinetic parameters of SsChi50 SsChi50, SGChi, and TVChi exhibited the classical kinetics of Michaelis-Menten for the two substrates used. Kinetic parameters were obtained from Lineweaver-Burk double reciprocal plots. As shown in Table 5 , the K m value of 0.412 mg mL À1 recorded for SsChi50 was higher than those reported for SGChi and TVChi, suggesting that SsChi50 has a lower affinity for colloidal chitin as a natural substrate than the latter two enzymes.
Conversely, when p-NP-(Glc-NAc) 2 was used as synthetic substrate, SsChi50 showed a K m value of 6.75 mg mL À1 , intermediate between those of SGChi and TVChi. The reaction velocity (k cat ) and substrate affinity (1/K m ) for SsChi50 were about 1.2-3.4 times higher than those for SGChi and TVChi with p-NP-(GlcNAc) 2 and colloidal chitin, respectively. The catalytic efficiency parameter, k cat /K m , recorded for SsChi50 thus was 2.21 and 1.89 times higher than those reported for TVChi and SGChi using colloidal chitin, respectively. Moreover, when p-NP-(Glc-NAc) 2 was used as synthetic substrate, SsChi50 exhibited k cat /K m values 1.28 and 1.13 times higher than those of SGChi and TVChi respectively. Aliquots were withdrawn at set time intervals to test remaining activity under standard assay conditions. Non-heated chitinase was taken to be 100%. Each point represents the meanðn ¼ 3Þ AE standard deviation.
Bioinsecticidal activity toward the insect pest Callosobruchus maculates
Hydrolytic enzymes involved in the degradation of chitin are important in allowing moulting during insect development. Chitinases are interesting targets for application to disturb growth and develop alternative biotechnological strategies to control insect pests. The bioinsecticidal effect of SsChi50 toward the insect pest Callosobruchus maculatus, which was used as a model, is summarized in Table 6 . Our findings indicate that purified chitinase SsChi50 had an efficient bioinsecticide activity effect by contact. The mortality percentages obtained for this bruchid ranged between 8.3 and 100% just 1 h after insect-enzyme contact. This confirms the good potentiality of SsChi50 for application as an insecticidal agent. Values represent means of 5 replicates, and AE standard errors are reported. The purified chitinase was tested at concentrations after 1, 24, 48, and 72 h of contact, and mortality percentages were calculated using the following formula:
where M refers to the % of mortality observed in the treated population, and MT to the % mortality observed in the control population. a All measurements were carried out in buffer A (pH 5.0) at 55 C. Values represent maximum activity obtained after 12 h of incubation for the natural substrates and 6 h for the synthetic substrates, and the optimum substrate concentration. b Activity is expressed as a percentage of enzyme activity under standard conditions using colloidal chitin or p-NP-(Glc-NAc) 2 . Values represent means of 3 replicates, and AE standard errors are reported. Ã Chitooligosaccharides are a mixture of chitotetraose, chitopentaose, and chitohexaose. G, GlcNAc. P, p-NP. Nd, Not detected.
